An Inorganic Biopolymer Polyphosphate Controls Positively Charged Protein Phase Transitions.
Polyphosphate (PolyP) is one of the most compacted inorganic polyanionic biopolymers that participate in various indispensable physiological processes. However, the mechanism of the interaction between polyP and proteins remain poorly understood. Here, we report that polyP can interact with positively charged green fluorescent protein, +36GFP, to perform liquid-liquid phase separation (LLPS) within minutes by intermolecular electrostatic interactions in vivo. Upon nutrient downshift induction, genetically engineered Citrobacter freundii accumulates intracellular polyP at a rate of 210 μM/min, which is consistent with Kornberg's observation and results in the thorough compartmentalization of polyP/+36GFP complexes in a polar-localization fashion within 1 h. In vitro studies showed that medium chain-length polyP (60-mer) was competent enough to provoke the phase separation of +36GFP at a concentration as low as 200 nmol, a value of the same magnitude as native proteins. In contrast, short chain-length polyP (14-mer) had no detectable capacity under the same circumstances. These results suggest a general approach to manipulate protein-protein interactions through LLPS using an inorganic biopolymer.